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(54) IVIETHOD OF TESTING ANTICANCER AGENT-SENSITIVITY OF TUIVIOR CELLS 



(57) Susceptibility of a tumor cell to an anticancer 
agent is tested by measuring an expression level or lev- 
els of a gene or genes selected from the group consist- 
ing of the genes listed in Tables 3 and 4 in a tumor cell 
collected from a cancer patient treated with an antican- 
cer agent (E7070 and related compounds thereof), or 
causing the anticancer agent to act on a tumor cell col- 
lected from a cancer patient and measuring an expres- 



sion level or levels of a gene or genes selected from the 
group consisting of the genes listed in Tables 3 and 4 In 
the tumor cell, and determining that the tumor cell is sus- 
ceptible to the anticancer agent when the expression 
level or levels of the gene or genes listed in Table 3 in- 
crease, or the expression level or levels of the gene or 
genes listed In Table 4 decrease. 
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Description 

Technical Field 

5 [0001] The present invention relates to a nfiethod for testing whether a tumor cell is susceptible to an anticancer 
agent or not. 

Background Art 

10 [0002] In a conventional clinical study of an anticancer agent, its toxicity profile and maximum recommended dose 
are first detemnined in the Phase I clinical study, and then the agent is evaluated as a drug based on the response rate 
using the tumor reduction rate as a criterion for efficacy in the Phase II clinical study. Meanwhile, with the advancement 
in cancer biology In recent years, drugs having a novel action mechanism for inhibiting the Intracellular signal trans- 
duction system, angiogenesis and so forth are In the course of active research and development. For these novel 

15 anticancer agents, it may be possible that a maximum recommended dose close to a toxic dose does not necessarily 
need to be administered. Further, it is estimated that drug efficacy could be more appropriately Judged by using Im- 
provement of QOL (Quality of Life) or prolongation of life associated with tumor growth inhibition as an Index rather 
than tumor reduction. In this case, to more logically and specifically confirm the drug efficacy. It is desirable to utilize 
change of a biological marker closely relating to a tumor growth Inhibition mechanism as a surrogate marker 

20 [0003] In the anticancer therapy, in general, reactivity of a living body when an anticancer agent is administered is 
largely depends on susceptibility of a tumor cell, which Is a target of the drug, to the drug. Generally, this susceptibility 
of tumor cell to the drug greatly varies in every type of tumor cell. Such differences in susceptibility are attributable to 
quantitative or qualitative differences of target molecules of the drug or factors relating to the molecules, acquisition 
of drug resistance and so forth. Considering such a background, it would be very useful if change in a tumor cell 

25 specifically caused when the tumor cell as a target exhibits susceptibility to a drug can be measured by using tumor 
tissue obtained by biopsy etc., because early determination of drug efficacy, establishment of a treatment method, 
selection of a new treatment method and so forth become possible by using the change as a surrogate marker. Further, 
if a tumor cell is isolated from tumor tissue obtained by biopsy or the like in a conventional manner prior to a treatment 
and then treated with a drug, and whether this tumor cell is susceptible to the drug Is detemilned based on change of 

30 the aforementioned surrogate marker, it becomes possible to preliminarily predict whether the treatment using the drug 
is effective or not, and this would be extremely useful in clinical practice. It is important that the change of this surrogate 
marker should be specific to antitumor effect, and it Is sufficient that the change can be measured with high sensitivity. 
Specifically, quantification of variations in the gene expression specific to the antitumor effect of the drug, analysis of 
quantitative variations of a protein along with the changes in gene expression, analysis of functional changes associated 

35 with these changes and so forth can be used as the surrogate markers. 

[0004] E7070 (N-(3-chioro-7-lndolyl)-1 ,4-benzenedlsulfonamide) Is a compound that has an antitumor effect target- 
ing the G1 phase of the cell cycle, and is being clinically developed (Takashi Owa, Hiroshi Yoshino, Tatsuo Okauchi, 
Kentaro Yoshimatsu, Yoichi Ozawa, Naoko Hata Sugl, Takeshi Nagasu, Nozomu KoyanagI and Kyosuke Kitoh, J. Med. 
Chem, 1999, 42, 3789-3799). 

40 [0005] Spectra of Intensity of the growth inhibitory action of this compound on various tumor cells are different from 
those of any of existing anticancer agents, and this compound is expected to have an effect as an anticancer agent 
having a novel action mechanism, in order to accelerate the clinical development of this drug and early establish a 
clinical treatment method, and contribute to Improvement of QOL of patients by efficiently advancing treatment based 
on established treatment methods, it is desirable to discover and apply a sunrogate marker that can be specifically 

45 used upon the administration of the drug. 

[0006] In recent years, methods of using various DNA mteroarrays to detect expression levels of a large number of 
genes at the same time have been established and widely used (Schena M, Shalon 0, Davis RW, Brown PC, Science 
1995, 270, 467-70; Lockhart, D.J., Dong, H., Byrne, M.C., Follettie, M.T, Gallo. M.V., Ghee, M.S., Mittmann, M., Wang 
C., Kobayashi, M., Horton, H. Brown, E.L, Nature Biotechnology, 1996, 14, 1675-1680). 

so [0007] Also In the field of cancer studies, researches using such DNA mlcroarrays are actively being conducted. For 
example. In a study in which diffuse large B-celi lymphoma (DLBOL) was investigated by expression analysis using a 
DNA microarray, DLBCL has been classified into two of different types according to differences in gene expression 
profiles, and It has been shown that this classification leads to prediction of prognosis (Allzadeh AA, Eisen MB, Davis 
RE, Ma C, Losses IS, Rosenwald A, Boidrick JO, Sabet H, Tran T, Yu X, Powell Jl, Yang L, Marti GE, Moore T, Hudson 

55 J Jr, Lu L, Lewis DB, Tlbshirani R, Sherlock G, Chan WC, GreinerTC, Weisenburger DD, Amiitage JO, Warnke R, 
Staudt LM, et ai. Nature, 2000, 403, 503-11 ). Further, there have been a report In which, by analyzing gene expression 
profiles of a panel of 60 types of cancer ceil lines from the National Cancer Institute in the United States, these cell 
lines were reclassified and their characteristics were examined (Ross DT, Scherf U, Eisen MB, Perou CM, Rees C, 
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Spellman P, Iyer V, Jeffrey SS, Van de Rijn M, Waltham M, Pergamenschikov A, Lee JC, Lashkari D, Shalon D, Myers 
TG, Weinstein JN, Botstein D, Brown PO, Nat Genet, 2000, 24, 227-35), a report in which relationships of the gene 
expression profiles of the panel of 60 types of cancer cell lines and susceptibility to various anticancer agents of each 
cell line were discussed (Scherf U, Ross DT, Waltham M, Smith LH, Lee JK, Tanabe L, Kohn KW, Reinhold WC, Myers 
5 TG, Andrews DT, Scudiero DA, Elsen MB, Sausvllle EA, Pommier Y, Botstein D, Brown PO, Weinstein JN, Nat Genet, 
2000, 24. 236-44) and so forth. 

[0008] Further, there have also been several reports In which changes in gene expression that occurred when anti- 
cancer agents were caused to act on tumorcells were examined by similarly using a DMA microarray (partly macroarray 
using a membrane filter) (Rhee CH, Ruan S, Chen S, Chenchik A, Levin VA, Yung AW, Fuller GN, Zhang W , Oncol 
10 Rep, 1999, 6, 393-401. Zimmemnann J, Erdmann D, Lalande I, Grossenbacher R, NooranI M, Furst P, Oncogene, 
2000, 19, 2913-20. Kudoh K, Ramanna M, Ravatn R, Elkahloun AG, Bittner ML, Meltzer PS, Trent JM, Dalton WS, 
Chin KV, Cancer Res, 2000, 41 61 -6). These reports show that the analysis of variations in gene expression is extremely 
useful in comparison of characteristics of two or more cell populations and comprehensive studies of biological changes 
of cells caused by drug treatment or the like at a molecular level. 

15 

Disclosure of the Invention 

[0009] An object of the present invention is to provide surrogate markers for antitumor effect of E7070 and its related 

compounds in cases that the compounds are caused to act on tumor cells. 
20 [0010] The inventors of the present invention analyzed changes in gene expression caused when E7070 and its 

related compounds were caused to act on tumor ceils susceptible to these anticancer agents by the DNA mteroarray 

method and found changes In gene expression caused by these anticancer agents In common. 

[0011] Further, they also found that, among these genes, there were genes that exhibited changes of expression 

common to three kinds of cancers and that expression changes of these genes can be used as surrogate markers for 
25 the antitumor effect of E7070 and its related compounds, and thus accomplished the present invention. 

[001 2] The present invention provides the followings. 

1 . A method for testing susceptibility of a tumor cell to an anticancer agent, which comprises: 

30 1) measuring an expression level or levels of a gene or genes selected from the group consisting of the genes 

listed in Tables 3 and 4 in a tumor cell collected from a cancer patient treated with an anticancer agent repre- 
sented by the following general fomiula (I): 




wherein A represents a monocyclic or bicyclic aromatic ring, which may be substituted, 

B represents a 6-membered unsaturated hydrocarbon ring or a 6-membered unsaturated heterocyclic ring 

containing one nitrogen atom as a heteroatom, each of which may be substituted, 

C represents a 5-membered heterocyclic ring containing one or two nitrogen atoms, which may be substituted, 

W represents a single bond or -CH=CH-, 

X represents -N(R^)- or an oxygen atom, 

Y represents a carbon or nitrogen atom, 

Z represents -NtR^)- or a nitrogen atom, and 

Ri and R^ may be Identical or different and each represent a hydrogen atom or a lower alkyi group, and 
2) detennlning that the tumor cell is susceptible to the anticancer agent when the expression level or levels 
of the gene or genes listed in Table 3 increase, or the expression level or levels of the gene or genes listed In 
Table 4 decrease in comparison with those in a tumor cell collected from the cancer patient before the treatment 
with the anticancer agent. 

2. A method for testing susceptibility of a tumor cell to an anticancer agent, which comprises: 
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1 ) causing an anticancer agent to act on a tumor cell collected from a cancer patient, the said anticancer agent 
being represented by the following general fonnuia (1): 



wherein A represents a monocyclic or bicycllc aromatic ring, which may be substituted, 

B represents a 6-membered unsaturated hydrocarbon ring or a 6-membered unsaturated heterocyclic ring 

containing one nitrogen atom as a heteroatom, each of which may be substituted, 

C represents a 5-membered heterocyclic ring containing one or two nitrogen atoms, which may be substituted, 

W represents a single bond or -CH=CH-, 

X represents -N(Ri)- or an oxygen atom, 

Y represents a carbon or nitrogen atom, 

Z represents -N(R2)- or a nitrogen atom, and 

and R2 may be identical or different and each represent a hydrogen atom or a lower alkyi group, 

2) measuring an expression level or levels of a gene or genes selected from the group consisting of the genes 
listed in Tables 3 and 4 in the tumor cell, and 

3) detennining that the tumor cell is susceptible to the anticancer agent when the expression level or levels 
of the gene or genes listed In Table 3 Increase, or the expression level or levels of the gene or genes listed In 
Table 4 decrease In comparison with those In an untreated tumor cell. 

3. The method according to 1 or 2, wherein the expression level or levels of the gene or genes are measured by 
quantifying an RNA or RNAS which are a transcription product or products of the gene or genes by using a DNA 
microarray. 

4. The method according to 1 or 2, wherein the expression level or levels of the gene or genes are measured by 
quantifying an RNA or RNAs which are atranscription product or products of the gene or genes by quantitative PGR. 

5. A reagent for quantifying an RNA for use in the method as defined in 4, which comprises an oligonucleotide 
complementary to the RNA as a component. 

6. The method according to 1 or 2, wherein the expression level or levels of the gene or genes are measured by 
quantifying a protein or proteins which are a gene product products of the gene or genes by an immunochemical 
method. 

7. The method according to 6, wherein the expression level or levels of the gene or genes are measured by 
quantifying a protein or proteins which are a gene product or products of the gene or genes by ELISA. 

8. The method according to 6, wherein the expression level or levels of the gene or genes are measured by 
quantifying a protein or proteins which are a gene product or products of the gene or genes by Western blotting. 

9. An immunoassay reagent used in the method as defined in 6, which comprises an antibody directed to the 
protein as a component. 

10. The method according to 1 or 2, wherein A represents benzene or pyridine which may be substituted, B rep- 
resents benzene which may be substituted, C represents pyn-ole which may be substituted, W represents a single 
bond, and X and Z both represent -NH-. 

f Description of the Drawings 



Fig. 1 shows cell growth inhibition curves obtained with E707G, of cell strains HCT116-C9, HCT116-C9-C1, LX-1 
andLX-1-E2, 

Fig. 2 shows results of analysis of variations in gene expression in the E7070-susceptible strain HCT116-C9 by 
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quantitative PGR. 

Fig. 3 shows results of analysis of variations In gene expression in the E7070>susceptible strain LX-1 by quantitative 
PGR. 

Fig. 4 shows results of analysis of variations in gene expression in the E7070-resistant strain HGT116-G9-G1 by 
5 quantitative PGR. 

Fig. 5 shows results of analysis of variations in gene expression in the E7070-resistant strain LX-1 -E2 by quanti- 
tative PGR. 

Best Mode for Ganying out the Invention 

10 

[0014] IHereafter, embodiments of the present invention will be described in detail. 

[0015] The test method of the present Invention is characterized in that a change in expression level of a gene In a 
tumor cell caused when the tumor cell is exposed to an anticancer agent in vivo or in vitro is used as an index of 
susceptibility of the tumor cell to the anticancer agent. 

15 [001 6] Therefore, the test method of the first embodiment of the present invention comprises the steps of 1 ) meas- 
uring an expression level or levels of a gene or genes selected from the group consisting of the genes listed in Tables 
3 and 4 of a tumor cell collected from a cancer patient treated with an anticancer agent represented by the general 
fomriuia (i), and 2) determining that the tumor cell Is susceptible to the anticancer agent when the expression level or 
levels of the gene or genes listed in Table 3 increase, or the expression level or levels of the gene or genes listed in 

20 Table 4 decrease in comparison with those in a tumor cell collected from the cancer patient before the treatment with 
the anticancer agent. 

[001 7] Further, the test method of the second embodiment of the present invention comprises the steps of 1 ) causing 
an anticancer agent represented by the general fomnula (I) to act on a tumor cell collected from a cancer patient, 

2) measuring an expression level or levels of a gene or genes selected from the group consisting of the genes listed 
25 in Tables 3 and 4 in the tumor cell, and 

3) determining that the tumor cell Is susceptible to the anticancer agent when the expression level or levels of the gene 
or genes listed in Table 3 increase, or the expression level or levels of the gene or genes listed in Table 4 decrease in 
comparison with those in an untreated tumor cell. 

[0018] The anticancer agent used in the present Invention Is a sulfonamide derivative or a sulfonnic acid ester de- 

30 rivative represented by the general fonnula (I). 

[0019] In the general fonmula (I), the "monocyclic or bicycllc aromatic ring, which may be substituted" represented 
by A is an aromatic hydrocarbon ring or an aromatic heterocyclic ring containing at least one of nitrogen, oxygen and 
sulfur atoms, each of which may have one to three substituents thereon. Examples of such aromatic rings Included in 
the ring A include pyrrole, pyrazole, imidazole, thiophene, furan, thiazole, oxazole, benzene, pyridine, pyrimidine, pyra- 

35 zine, pyridazine, naphthalene, quinoline, isoquinoline, phthalazine, naphthyrldlne, quinoxaline, quinazoiine, cinnoline, 
indole, isoindole, indoiizlne, indazole, benzofuran.benzothiophene, benzoxazoie, benzimidazole, benzopyrazole, ben- 
zothiazole and so forth. They may have one to three substituents. When two or more substituents are present, they 
may be the same or different. Examples of the substituents include an amino group which may be substituted with a 
lower all<yl or lower cycloalkyi group, a lower alkyi group, a lower alkoxy group, hydroxyl, nitro, mercapto, cyano, a 

40 lower alkylthio group, halogen, a group represented by the fonnula -a-b [wherein a represents a single bond, -{CH2)^-, 
-O-CCHgV, -S-{CH2)k- or - N{R3)-(CH2)k- (k is an integer of 1 to 5, R^ represents a hydrogen atom or a lower alkyI 
group), and b represents -CHg- d (wherein d represents an amino group which may be substituted with a lower alkyI 
group, halogen, hydroxyl, a lower alkylthio group, cyano or a lower alkoxy group)], a group represented by the fomiula 
-a-e-f [wherein a has the same meaning as defined above, e represents -S(0) or -S(0)2-, f represents an amino group 

45 which may be substituted with a lower alkyi or lower alkoxy group, a lower alkyI group, trifluoromethyl, -(CH2)m-b or -N 
(R'^)-{CH2)n,-b (wherein b has the same meaning as defined above, R^ represents a hydrogen atom or a lower alkyi 
group, and m is an Integer of 1 to 5)], a group represented by the fomnula -a-g-h [wherein a has the same meaning as 
defined above, g represents -C(0)- or -C(S)-, h represents an amino group which may be substituted with a lower alkyi 
group, hydroxyl, a lower alkyi group, a lower alkoxy group, -(CH2)n-b or -N(R5)-(GH2)n-b (wherein b has the same 

so meaning as defined above, R^ represents a hydrogen atom or a lower alkyi group, and n is an Integer of 1 to 5)], a 
group represented by the fonnula -a-N(R6)-g-j [wherein a and g have the same meanings as defined above, R^ rep- 
resents a hydrogen atom or a lower alkyi group, i represents a hydrogen atom or a lower alkoxy group or f (f has the 
same meaning as defined above)], a group represented by the fonnula -a-N(R7)-e-f (wherein a, e and f have the same 
meanings as defined above, and represents a hydrogen atom or a lower alkyi group) and group represented by the 

55 formula -(CH2)p-j-(CH2)q-b (wherein j represents an oxygen or sulfur atom, b has the same meaning as defined above, 
and p and q may be the same or different and each represent an Integer of 1 to 5) and so forth. 
[0020] When the substltuent is an amino group substituted with two of alkyi groups, both of the alkyi groups may 
bond to fonn a 5- or 6-membered ring. Further, when A is a nitrogen-containing heterocyclic ring having hydroxyl or 
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mercapto, these groups may present in the form of an oxo orthioxo group by resonance. 

[0021] The "6-memberecl unsaturated hydrocarbon ring or 6-membered unsaturated heterocyclic ring containing one 
nitrogen atom as a heteroatom, which may be substituted" represented by B means benzene or pyridine which may 
be partially hydrogenated. It may have one or two of substituents on the ring, and when two of substltuents are present, 

5 they may be the same or different. 

[0022] The "S-membered heterocyclic ring containing one or two nitrogen atoms, which may be substituted" repre- 
sented by C means pyrrole, pyrazole or imidazole which may be partially hydrogenated. It may have one or two of 
substltuents on the ring, and when two of substituents are present, they may be the same or different. 
[0023] Examples of the substituents that the rings of B and C may have include halogen, cyano, a lower alkyi group, 

10 a lower alkoxy group, hydroxyl, oxo, a group represented by the formula -C(0)-r (wherein r represents a hydrogen 
atom, an amino group which may be substituted with a lower alkyI group, a lower alky! group, a lower alkoxy group or 
hydroxyl), an amino group substituted with a lower alkyI group, trifluoromethyl and so forth. 
[0024] In the general formula (I), the lower alkyl group In the definitions of and as well as the substituents that 
the rings of A, B and C may have means a linear or branched alkyl group having 1 to 6 carbon atoms, and examples 

15 thereof include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl (amyl), isopentyl, ne- 
opentyl, tert-pentyl, 1-methyIbutyl, 2-methyIbutyl, 1 ,2-dlmethylpropyl, n-hexyl, Isohexyl, 1 -methylpentyl, 2-methyl- 
pentyl, 3-methylpentyl, 1,1-dimethylbutyl, 1 ,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethyIbutyl, 
3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 
1 -ethyl-2-methylpropyl and so forth. Among these, methyl, ethyl, n-propyl, isopropyl, n-butyl and Isobutyl are preferred, 

20 and methyl, ethyl, n-propyl and isopropyl are most preferred. 

[0025] The lower cycloalkyi group mentioned in the definitions of the substituents that the ring of A may have means 
a cycloalkyi group having 3 to 8 carbon atoms, and examples thereof Include cyclopropyl, cyclopentyl, cyclohexyl and 
so forth. 

[0026] The lower alkoxy mentioned in the definitions of the substituents that the rings of A, B and C may have means 
25 an alkoxyl group derived from the aforementioned lower alkyl group, such as methoxy, ethoxy, n-propoxy, isopropoxy, 
n-butoxy, isobutoxy and tert-butoxy. Among these, methoxy and ethoxy are most prefen-ed. The lower alkylthio group 
means an alkylthio group derived from the aforementioned lower alkyl group. Further, examples of the halogen include 
fluorine, chlorine, bromine and so forth. 

[0027] The sulfonamide derivatives or sulfonic acid ester derivatives represented by the general fomnula (1) may form 
30 a salt with an acid or a base. The anticancer agent used in the present invention also includes salts of the compounds 
represented by the general fonmula (I). Examples of the salt with an acid Include salts with inorganic acids, such as 
hydrochlorides, hydrobromides and sulfates, and salts with organic acids such as acetic acid, lactic acid, succinic acid, 
fumaric acid, maleic acid, citric acid, benzoic acid, methanesulfonic acid and p-toluenesulfonic acid, and examples of 
the salt with a base include salts with inorganic bases, such as sodium salts, potassium salts and calcium salts and 
35 salts with organic bases such as triethylamine, arginine and lysine. 

[0028] It is needless to say that the compounds include hydrates and optical isomers of these compounds if they are 
present. The anticancer agent used in the present invention exhibits a high antitumor activity, and the anticancer agents 
also includes compounds which undergo metabolism such as oxidation, reduction, hydrolysis and conjugation in vivo 
to exhibit the antitumor activity. Further, the anticancer agent used In the present invention Includes compounds which 
40 undergo metabolism in Wvosuch as oxidation, reduction and hydrolysis to form compounds represented by the general 
fonnula (I). 

[0029] Tumor cells of which susceptibility is tested are not partlculariy limited so long as they are susceptible to the 
anticancer agent represented by the general fonnula (I). Examples thereof include tumor cells derived from colon 
cancer, lung cancer, breast cancer, leukemia, pancreas cancer, kidney cancer, melanoma, malignant lymphoma, head 
45 and neck cancer, gastrb cancer and so forth. 

[0030] The tumor cells collected from a cancer patient Include tumor cells contained In a cancer tissue isolated from 
the cancer patient. 

[0031 ] In the test method of the first embodiment, the tumor cell collected from a cancer patient may be a tumor cell 
collected from a cancer patient treated with an anticancer agent represented by the general fomiula (I) in such an 
50 amount that susceptibility of the tumor cell can be measured. Usually, tumor cells collected from a cancer patient treated 
with a dose of 100 to 1500 mg for 1 to 14 days are used. 

[0032] In the test method of the second embodiment, conditions for causing the anticancer agent represented by 
the general fonnula (I) to act on a tumor cell collected from a cancer patient are not limited so long as susceptibility of 
the tumor cells can be measured, and culture is usually performed in a medium containing the anticancer agent at a 
55 concentration of 0.01 to 1 0 |iM for 6 to 72 hours. 

[0033] The gene expression level can be measured by quantifying RNA as a gene transcription product or a protein 
as a gene product. The RNA or protein can be quantified usually by extracting the RNA or protein from tumor cells and 
quantifying the RNA or protein in the extract. Hereafter, examples of 1 . extraction of RNA or protein, 2. quantification 
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of RNA, and 3, quantification of protein will be explained In detail In this order. 
1 . Extraction of RNA 

5 1 ) Extraction of RNA or protein from cancer tissue of patient treated with anticancer agent represented by general 
fonnula (I) 

[0034] RNA or protein is extracted from a cancer tissue collected by biopsy or the like from a patient treated with an 
anticancer agent represented by the general fonmuia (I) by the method described below. 

10 [0035] RNA can be extracted according to a usual RNA extraction method. For example, extraction can be carried 
out by using TRIZOL Reagent (Life Technologies Oriental) or the lilce according to the attached operation manual. 
Specificaify, a cancer tissue with 1 ml of TRIZOL reagent per 50 to 100 mg of the cancer tissue is homogenized by 
using a Teflon homogenizer. The mixture is centrifuged (12,000 x g, 10 minutes, 4°C), and the obtained supernatant 
is left at room temperature for 5 minutes and 0.2 ml of chloroform is added thereto per 1 ml of the used TRIZOL Reagent. 

15 The resulting solution is vigorously stirred by shaking for 15 seconds, left at room temperature for 2 to 3 minutes and 
then centrifuged (1 2,000 x g, 1 5 minutes, A^^C). After the centrifugation, the aqueous layer is transferred to a new tube, 
and 0.5 ml of isopropyi alcohol is added per 1 ml of the used TRIZOL reagent. The mixture is left at room temperature 
for 10 minutes and centrifuged (12,000 x g, 10 minutes, A°C). The obtained precipitates are washed with 75% ethanol, 
air-died and used in subsequent operations as total RNA. 

20 [0036] Protein can be extracted from a cancer tissue according to the methods described in Bollag, D.M., Rozycki 
M.D., Edeistein S.J., Protein Methods, 1996, Wiley-Liss, Inc., New York, U.S.A.; Walker, J.M., The protein handbook, 
1 996, Humana Press, New Jersey, U.S.A. and so forth. 

2) Extraction of RNA or protein from cancer ceii cultured in the presence of anticancer agent represented by general 

25 fomiula (I) 

[0037] Cancer cells (tumor cells) are isolated in a conventional manner from a cancer tissue obtained from a patient 
by biopsy or the like. For example, according to the method of Hamburger et ai. (Hamburger A., Salmon S.E., Kim M. 
B., Trent J.M., Soehnlen B.J., Alberts D.S. and Schmidt H,T, Cancer Res., 38, 3438-3443, 1978), the obtained tissue 

30 is aseptically chopped, and then a cell suspension is prepared by using a stainless mesh, injection needie, nylon mesh 
or the like. The obtained ceils are cultured in a suitable medium (for example, RPMI-1 640, MEM, McCoy medium etc. 
containing 10-15% FCS). The obtained cancer cells are cultured at 37**C in the presence of the anticancer agent 
represented by the general fomfiula (I) under 5% CO2 condition for a suitable period, preferably, for 3, 6, 1 2 or 24 hours, 
more preferably for 1 2 hours, and RNA or protein is extracted by the method described below. Further, it is also possible 

35 to specifically isolate only cancer cells from a tissue obtained by biopsy or the like by using the soft agar culture method 
(Hamburger A., and Salmon S. E., Science, 197, 461-463, 1977; Hamburger A., and Salmon S. E., J. Clin. Invest., 60, 
846-854, 1977; Von Hoff D. D., and Johnson, G. E., Proc. Am. Assoc. Cancer Res., 20, 51, 1979) and use them. 
[0038] RNA can be extracted from a cancer cell according to a usual RNA extraction method as the extraction of 
RNA from a cancer tissue. For example, when TRIZOL Reagent (Life Technologies Oriental) is used, extraction can 

40 be carried out according to the attached operation manual. Specifically, 1 ml of TRIZOL Reagent is added per 5 to 1 0 
X 10^ cancer cells, and the same operations as in the extraction of RNA from a cancer tissue can be perfonned. 
[0039] Extraction of protein from cancer cells can also be carried out according to methods described in publications 
as in the extraction from cancer tissue. 

45 2. Quantification of RNA 

[0040] RNA can be quantified by techniques of Northern blotting analysis, DNA microarray analysis, RT-PCR, quan- 
titative PCR and so forth. It is preferable to use a DNA microan-ay or quantitative PCR. These techniques will be 
explained below, but the present invention is not limited to them. 
50 [0041 ] Quantification by using a DNA mtoroarray is perfomied as follows. First, double-stranded cDN A is synthesized 
by using the obtained RNA as a template, Superscript Choice System (Life Technologies Oriental) and T7-d(T)24 primer. 
Subsequently, biotinylated cRNA is synthesized by using the cDNA as a template. 

[0042] Specifically, single-stranded DNA is first synthesized from the obtained RNA by using the T7-d(T)24 primer. 
Then, dNTP, DNA iigase, DNA polymerase I and RNase H are added thereto to react them and T4 DNA polymerase 
55 I is further added thereto to complete the synthesis of double-stranded cDNA. The obtained cDNA is purified, and then 
biotinylated UTP and OTP are added to allow a labeling reaction by using RNA Transcript Labeling Kit (Enzo Diagnos- 
tics). The reaction product is purified and heated at 94*0 in 200 mM Tris/acetate (pH 8.1 ), 150 mM magnesium acetate, 
50 mM potassium acetate for 35 minutes to obtain fragmented cRNA. 
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[0043] The fragmented cRNA Is hybridized with GeneChip Hu6800 (Affymetrix) or an update product, for example, 
in 100 mM MES, 1 M sodium salt, 20 mM EDTA, 0.01% Tween 20 at 45^C for 16 hours. After the hybridization, the 
GeneChip is washed and stained according to the protocol EukGE-WS2 attached to the Affymetrix Fluidics Station. 
For the staining , streptavidin-phycoerythrin and biotlnylated goat anti-streptavidin antibody are used. The stained Gene- 

5 Chip is scanned by using HP Argon Ion Laser Confocal Microscope (Hewlett Pacl<ard) to measure Its fluorescence 
Intensity. When this fluorochrome is used, fluorescence is measured at 570 nm by using an excitation light at 488 nm. 
[0044] The quantitative data analysis is preferably conducted by using GeneChip Software (Affymetrix). To quantify 
RNA, an average of "differences [(Perfect match hybridization signal) - (l\/Iismatch signal)]" Is obtained for each probe 
family. When this value Is 50 or higher, and quantitative values of RNA obtained under two kinds of conditions diverge, 

10 preferably when they diverge 1 .8 times or more, It is determined that the gene expression has significantly "increased" 
or "decreased". 

[0045] When the RNA level or levels of the gene or genes listed in Table 3 Increase, or the RNA level or levels of 
the gene or genes listed in Table 4 decrease, it is detennnined that the tumor cells are susceptible to the anticancer agent. 
[0046] Further, quantitative PCR is perfomned as follows by using SYBR Green and ABi Prism 7700 Sequence 

15 Detection System (Perkln-Elmer Applied Biosystems). 

[0047] The operation Is performed In two steps of a reverse transcription reaction and PCR reaction. The reverse 
transcription reaction as the first step is carried out by adding dNTP, oligo d(T)^3 primer, RNase inhibitor mixture and 
Multiscrlbe Reverse Transcriptase (Perkin-Elmer Applied Biosystems) to the obtained RNA, keeping the mixture at 
25''C for 10 minutes and then heating the mixture at 48°C for 30 minutes. The reaction is temriinated by heating at 

20 950c for 5 minutes. 

[0048] The obtained cDNA is subjected to the PCR reaction as the second step. The PCR reaction is carried out, 
for example, in a reaction system composed of 4 ng of cDNA, 1 x SYBR PCR buffer, 3 mM MgCl2, 200 each of 
dATP, dCTP and dGTP, 400 jiM dUTP, 200 nM primer pair, 0.01 U/\l\ AmpErase UNG and 0.025 U/^ii AmpliTaq Gold 
DNA Polymerase (Perkin-Elmer Applied Biosystems). The PCR reaction is perfomned with, for example, reactions at 

25 so°C for 2 minutes and at 95°C for 1 0 minutes followed by a cycle of reactions at 95°C for 20 seconds, at 55''C for 20 
seconds and at 72**C for 30 seconds, which are repeated 40 times. The primers and the probe are designed, for 
example, by using Primer Expression (Perkin-Elmer Applied Biosystems). For comparison of two or more specimens, 
a quantified value is corrected into transcription amount In each specimen by using mRNA level of a house keeping 
gene, which shows little variation In transcription amount, preferably mRNA level of GAPDH, and used. 

30 [0049] When the RNA level or levels of the gene or genes listed in Table 3 increase, or the RNA level or levels of 
the gene or genes listed in Table 4 decrease, it is detemnined that the tumor cells are susceptible to the anticancer agent, 
[0050] The present invention also provides a reagent for quantifying RNA for use In the test method of the present 
Invention, which comprises an oligonucleotide complementary to RNA as a transcription product of a gene of which 
expression level is to be measured, as a component. The oligonucleotide Included as a component is a primer and/or 

35 probe used In quantitative PCR and can be designed as described above. The RN A-quantifying reagent of the present 
Invention may contain components conventionally used in an ordinary quantifying reagent In addition to the above 
oligonucleotide, 

3. Quantification of protein 

40 

[0051] Although protein is quantified based on its activity or antigenicity, quantification based on antigenicity, I.e., 
immunochemical quantification, which can be easily and generally applied to proteins, is preferred, 
[0052] As for antibody directed to a protein, an antigen determinant is predicted from the amino acid sequence based 
on the report of Parker et al. (Partner J. M. R., Guo D., Hodges R. S., Biochemistry, 25,5425, 1986) or the report of 

45 Karplus et al. (Karpius P. A., Schuiz G. E., Natunwissenschaften, 72, 212, 1985) to synthesize a peptide. Alternatively, 
a fusion protein, for example, a fusion protein with glutathione synthetase (GST) is expressed and purified by using a 
glutathione column to produce an antigen, and a rabbit, a mouse or the like Is Immunized with the obtained antigen to 
produce polyclonal or preferably monoclonal antibodies (Harlow E,, Lane D,, Antibodies: A Laboratory Manual, 1988, 
Cold Spring HartDor Laboratory Press, New York). Further, when commercially available antibodies are available, they 

so can also be used after their specificity Is confimned. 

[0053] By using the obtained antibodies, ELISA or RIA Is perfonned to quantify the protein, for example, by the 
enzyme immunoassay method (Ishikawa E. et al., Igakushoin, 1982) or the method described In Ishikawa E., Kawai 
T, Miyal, K., Enzyme Immunoassay, Igakushoin, Tokyo, New York, 1981 . When the protein is secreted out of the tumor 
cell, the protein in a medium can be quantified without extracting the protein from the tumor cell. 

55 [0054] When the protein level or levels of the gene or genes listed in Table 3 increase, or the protein level or levels 
of the gene or genes listed in Table 4 decrease, it is detennined that the tumor cells are susceptible to the anticancer 
agent. 

[0055] The present invention also provides an immunoassay reagent for use in the test method of the present in- 
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vention, which comprises an antibody directed to the protein as a component. The antibody used as a component can 
be obtained as described above. The immunoassay reagent of the present invention may contain components con- 
ventionally used in ordinary immunoassay reagents in addition to the aforementioned antibody. 

5 Examples 

[0056] Hereafter, the present invention will be described more specifically with reference to the following specific 
examples. However, the present invention Is not limited to them. 

10 Example 1 Culture of E7070-susceptible and E7070-resistant strains and extraction of RNA 

[0057] All ceils were cultured in RPMI-1640 medium supplemented with 10% of fetal bovine serum, 100 units/ml of 

penicillin and 100 mg/ml of streptomycin at 37*'C under 5% CO2. 

[0058] E7070, or ER-35748 or ER-68487 represented by the structural formula shown below was added to the media 
15 of an E7070-susceptible strain HCT11 6-C9 and an E7070-reslstant strain HCT11 6-C9-C1 at a concentration of 8 jiM 
and the cells were cultured. Then, cells were recovered after 0, 3, 6 and 12 hours. Further, the cells were also cultured 
for 12 hours without adding the drug and recovered. 



20 



25 




30 



ER-35748 




[0059] Total RNA was extracted from these ceils and subjected to the subsequent analyses. The RNA extracted from 
the celis cultured for 12 hours with the dmg and the RNA from extracted the cells cultured for 12 hours without the 
50 drug were used for the gene expression analysis using a DNA mlcroarray described In Example 2, HCT1 1 6-C9 was a 
substrain isolated from HCT116 derived from human colon cancer (American Type Culture Collection, Manassas, VA, 
U.S.A.), and HCT116-C9-C1 was an E7070-reslstant substrain obtained by culturing this HCT116-C9 in the presence 
of E7070 with gradually increasing the E7070 concentration. 

[0060] Similahy, E7070 was added to the media of an E7070-susceptible strain LX-1 and an E7070-resistant strain 
55 LX-1 -E2 at a concentration of 6 and the cells were cultured. Cells were recovered after 0, 3, 6 and 12 hours. Total 
RNA was extracted from these cells and subjected to the subsequent analyses. LX-1 (Cancer Chemotherapy Center, 
Japan Foundation for Cancer Research, Tokyo, Japan) was a cell strain derived from human parvlcellular lung cancer, 
and LX-1-E2 Is an E7070-resistant substrain obtained by culturing this LX-1 in the presence of E7070 with gradually 
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increasing the E7070 concentration. 

[0061] The used cell strains HCT116-C9. HCT116-C9-C1, LX-1 and LX-1-E2 were cultured for 72 hours with addition 
of E7070. Cell growth Inhibition curves measured by the MTT method (Mosmann T, J. Immunol. Methods, 65, 55 
(1 983)) are shown In Fig. 1 . The actual operation was perfomned by using CellTlter96 Non-Radioactive Ceil Proliferation 
5 Assay (Promega, Madison, Wl) according to the attached operation manual. 

[0062] Total RNA was extracted from the recovered cells by using TRiZOL Reagent (Life Technologies Oriental) 
according to the attached operation manual. 

Example 2 Gene expression analysis using DNA microarray 

10 

1) Synthesis of cDNA and labeling with biotin 

[0063] Each RNA obtained in Example 1 was dissolved in 1 00 ^1 of sterilized water treated with diethyl pyrocarbonate 
(DEPC) and further purified by using RNeasy Column (QIAGEN), and double-stranded cDNA was synthesized by using 

15 Superscript Choice System (Life Technologies Oriental) and a T7-d(T)24 primer. 

[0064] First, to 10 jig of RNA, 5 jxM T7-d(T)24 primer, 1 x First strand buffer, 1 0 mM DTT, 500 ^iM dNTP mix and 20 
units/}il of Superscript tl Reverse Transcriptase were added and the mixture was allowed to react at 42'*C for 1 hour 
to synthesize single-stranded DNA. Subsequently, to the DNA, 1 x Second strand buffer, 200 m,M dNTP mix, 67 U/ml 
of DNA ligase, 270 U/ml of DNA polymerase I and 13 U/ml of RNase H were added and the mixture was allowed to 

20 react at 1 6°C for 2 hours to synthesize double-stranded cDNA. Further, to the cDNA, 67 U/ml of T4 DNA polymerase 
I was added and the mixture was allowed to react at 16''C for 5 minutes and then 10 p.1 of 0.5 M EDTA was added to 
terminate the reaction. 

[0065] The obtained cDNA was purified with phenol/chloroform, and a labeling reaction with blotlnylated UTP and 
CTP was carried out by using RNA Transcript Labeling Kit (Enzo Diagnostics) according to the attached operation 
25 manual. The reaction product was purified with Rneasy Column and heated In 200 mM Tris/acetate buffer (pH 8.1), 
150 mM magnesium acetate, 50 mM potassium acetate at 94^0 for 35 minutes to obtain fragment cRNA. 

2) Hybridization with DNA microarray (GeneChip) and measurement 

30 [0066] The fragmented cRNA was hybridized with GeneChip Hu6800 (Affymetrix) in 1 00 mM MES, 1 M sodium salt, 
20 mM EDTA and 0.01 % Tween 20 at 45°C for 1 6 hours. After the hybridization, the GeneChip was washed and stained 
according to the protocol EukGE-WS2 attached to Affymetrix Fluidics Station. For the staining, streptavidin-phyco- 
erythrln and blotlnylated goat anti-streptavldln antibody were used. The stained GeneChip was scanned by using HP 
Argon Ion Laser Confocal Scanner (Hewlett Packard) to measure its fluorescence Intensity. The fluorescence was 

35 measured at 570 nm by using an excitation light at 488 nm. 

[0067] The quantitative data analyses were all conducted by using GeneChip Software (Affymetrix). To quantify RNA, 
an average of "differences [(Perfect match hybridization signal) - (Mismatch signal)]" was obtained for each probe 
family. When this value was 50 or higher, and quantitative values of RNA measured under two kinds of conditions 
diverge, preferably they diverge 1 .8 times or more, it was determined that the gene expression had significantly "in- 

40 creased" or "decreased". 

[0068] E7070, or ER-35748 or ER-68487 was added to a medium for HCT116-C9 at a concentration of 8 and 
culture was perfonned. The results of analysis of RNA extracted from the cells at 12 hours by using GeneChip were 
compared with the results of RNA analysis for HCT11 6-C9 cells obtained In the same manner except for not adding 
the drug. As a result, a list of genes of which expression levels were increased in common by the treatments with three 

45 types of drugs, E7070, ER-35748 and ER-68487 (GenBank registration numbers are also shown (the same shall apply 
In other tables shown below)) is shown In Table 1 . SImilariy, a list of genes of whteh expression levels were decreased 
In common by the treatments with the three types of drugs is shown in Table 2. 



Table 1 



50 


Registration number 


Gene name 




D59253 


NCBP interacting protein 1 




D78514 


Ubiquitin-conjugating enzyme 




D83767 


Rep-8 


55 


HG1139-HT4910 


Fk506-Binding protein 




HG3484-HT3678 


Cdc-iike kinase 1 (Clkl) 




J04152 


Tumor-associated antigen GA733-1, Ml SI 
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Table 1 (continued) 



Registration number 


Gene name 


M21154 


S-adenosylmethionine decarboxylase 


M60724 


p70 RIbosomal S6 kinase alpha-1 


M84349 


Transmembrane protein CD59 


S61953 


c-ErbB3 receptor tyrosine kinase 


U52960 


RNA polymerase 11 complex component SRB7 


U84720 


Export protein RAE1 


U92014 


Defective mariner transposon Hsmar2 


Z18951 


Caveoiln 



Table 2 



Registration number 


Gene name 




Corino/fhronnino nrAtain IfinocA K^MI^I 
Ocl HIC/LMrcUIKilc (JiUlClll IMllCtoU iviiNrvi 




PiitAtn/a corinp/fhrAonino nrntoin Ifinaca V/Rt^9 
1 ULaiivt? odiiic/iMicUiiiiic piuicui iMiiaoc vnrN^ 


AB002380 


1 piilcpmin-nQQnpisitArl Rhn 




PrntPfl^nmp Qiihiinit ndd ^ 

r 1 vlwQdwl 1 is3 OUliUI III ^ft.S 


AC002045 


C1T987SK-A-589H1 


AF002020 


NIemann-PIck C disease protein (NPC1) 


AF008445 


PhosDholioid scrambla&e 




l-l\#Hmnpn f^arrlar nmtpin nK#/^ina evfnthoca 
nyuiuycii Lrctiiic^i piuiciii, yiyuiiic; oyiiuldac 




Kl AA01 fi*\ 


D21852 


KIAA0029 


D26535 


DihvdroliDoainide succinvltransfpra^p 




AnnAvin II 

Mnnexin ii 






n9QHi n 


uriKnown prociuci 




\ ll^iniirtin <^r*m^ifi#* n^#^^/%aoy% Q 

UDiquriin speciTic protease o 


L/OU/OD 




D31883 


Actin-binding LiM protein 


D32002 


Nuclear cap binding protein 


D38521 


KIAA0077 


D38552 


KIAA0073 


D38553 


KIAA0074 


D43947 


K1AA0100 


D43948 


ch-TOG 


D50645 


SDF2 


D50663 


DyneinCTCTELI) 


D50912 


RNA-binding motif protein 10 


D50916 


Ubiquitinatlon factor E4A 


D61391 


PAP39 


D63480 


KIAA0146 


D63506 


Syntaxln-blnding protein 3 


D63875 


TPR-containing/SH2-binding protein 


D63880 


KIAA0159 


D78586 


Multifunctional protein CAD 


D79983 


KIAA0161 


D79987 


KIAA0165 


D79988 


KIAA0166 


D79991 


KIAA0169 
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Table 2 (continued) 



Registration number 


Gene name 


D83776 


KIAA0191 


D83781 


KIAA0197 


D84307 


Phospiioethanolamine cytidylyltransferase 


086981 


Amyloid precursor protein-binding protein 2 


D87435 


KIAA0248 


D87446 


KIAA0257 


D87448 


DNAtopoisomerase ll-blnding protein 


D87743 


Solute carrier family 9 


HG1869-HT1904 


Male enhanced antigen 


HG2379-HT3996 


Serine hydroxymethyltransf erase, cytosolic 


HG4094-HT4364 


Transcription factor Lsf-ld 


J04088 


DNA topoisomerase II (top2] 


J04501 


Muscle glycogen synthase 


J04543 


Synexin 


L06845 


Cysteinyl-tRNA synthetase 


L07033 


Hydroxymethylglutaryl-CoA lyase 


L07540 


Replication factor G, 36-kDa subunit 


L07597 


Ribosomal protein S6 kinase 2 


L07768 


lEF SSP 9502 


L21936 


Succinate dehydrogenase fiavoprotein subunit 


L25444 


TAFII70-alpha 


L25931 


Lamin B receptor 


L33075 


Ras GTPase-actlvating-like protein IQGAP1 


L33881 


Protein kinase C iota isoform 


L38810 


Proteasome 26S subunit p45 


L40395 


Eukaryotto Initiation factor 2B-beta 


L41870 


Retinoblastoma susceptibility protein (RBI) 


L47276 


Alpha topoisomerase truncated-fomi 


M 15796 


PCNA 


Ml 9267 


Tropomyosin 


M22632 


Mitochondrial aspartate aminotransferase 


M23379 


GTPase-activating protein ras p21 


IVI24486 


Prolyl 4-hydroxylase alpha subunit 


M29204 


DNA-binding factor 


M29550 


Caicineurin A1 


IVI30496 


Ubiquitin carboxyl -terminal hydrolase 


1^^33518 


HLA-B-assoclated transcript 2 (BAT2) 


M34309 


Epidennat growth factor receptor HER3 


M37400 


Cytosolic aspartate aminotransferase 


IVI55905 


Mitochondrial NAD{P) + dependent maik; enzyme 


M58525 


Catechol-O-methyltransferase 


M59911 


Integrin alpha-3 


M61764 


Gamma-tubulin 


M62994 


Fllamin B 


M74089 


TBI 


M85086 


Cleavage stimulation factor 


M86707 


MyristoyI CoA: protein N-myristoyI transferase 


M87338 


Replrcatlon factor C, 40-kDa subunit (A1) 


M87339 


Replication factor C, 37-kDa subunit (RFC4) 


M88163 


Global transcription activator (hSNF2/SWi2) 
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Table 2 (continued) 



Registration number 


Gene name 


M91432 


iVIedium-chain acyl-CoA dehydrogenase (MCAD) 


M92439 


Leucine-rlch protein 


IVI93056 


Monocyte/neutrophil elastase inhibitor 


M95809 


Basic transcription factor 62kD subunit (BTF2) 


IV195929 


Homeobox protein PH0X1 


IVI97935 


Transcription factor ISGF-3 


S58544 


75kDa Infertility- related spenn protein 


S59184 


RYK = related to receptor tyrosine kinase 


S72904 


APK1 antigen = MAb Kl recognized 


S78086 


PDCD2, Rp8 homolog 


S80343 


Arginyl-tRNA synthetase (ArgRS) 


U01062 


Inositol 1 ,4,54riphosphate receptor type 3 


U02566 


Receptor tyrosine kinase tif 


U0428S 


Lysosomal acid lipase 


U06631 


H326 


U07231 


G-rich sequence factor- 1 


U07681 


Isocitrate dehydrogenase 3 (NAD+) alpha 


U079I9 


Aldehyde dehydrogenase 6 (ALDH6) 


U08815 


Splicesomal protein SAP61 


U10324 


N uclear factor NF90 


U11791 


Cyclin H 


U15174 


Nlp3 


U15306 


DNA-bindIng protein NFX1 


U18291 


CDC16HS 


U18934 


Receptor tyrosine kinase DTK 


U20979 


Chromatin assembly factor-l pi 50 subunit 


U22233 


Methylthioadenosine phosphorylase 


U23028 


Eukaryotic initiation factor 2B-epsllon 


U23946 


LUCA15 


U26648 


Syntax in 6 A 


U27459 


Origin recognition complex protein 2 homolog 


U27460 


Uridine diphosphoglucose pyrophosphorylase 


U28413 


Cockayne syndrome complementation group A 


U28811 


Cystein-rich fibroblast growth factor receptor 


U28831 


I mmu no-reactive with antl-PTH Ab 


U28963 


Gps2 


U30313 


DIadenosine tetraphosphatase 


U30521 


P311 HUM -3.1 


U30827 


Splicing factor SRp40-3 (SRp40) 


U30828 


Splicing factor SRp55-2 (SRp55) 


U34252 


Gamma-amtnobutyraldehyde dehydrogenase 


U34683 


Glutathione synthetase 


U36341 


SLC6A8 


U40282 


Integrin-linked kinase 


U46006 


Smooth muscle LIM protein (h-SmLIM) 


U49844 


FRAP-related protein (FRP1/ATR) 


U50078 


Guanine nucleotide exchange factor p532 


U50939 


Amyloid precursor protein-binding protein 1 


U53468 


NADH: ubiquinone oxidoreductase subunit 813 


U57629 


Retinitis pigmentosa GTPase regulator 
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Table 2 (continued) 





Registration number 


Gene name 




U60808 


CDP-diacylglycerol syntliase 


5 


U61145 


Enhancer of zeste homolog 2 




U61263 


Acetolactate synthase homolog 




U63743 


Mitotic centromere-associated kinesin (MCAK) 




U65785 


Oxygen-regulated protein ORP150 




U72514 


C2f 


10 


U72515 


C3f 




U76764 


CD97 




U77413 


0-linked GlcNAc transferase 




U77949 


Cdc6-related protein (HsCDCB) 


IS 


U79241 


Clone 23759 




U80034 


Mitochondrial Intemiediate peptidase precursor 




U81554 


CaM kinase II isofomn 




U85611 


DNA-PK interaction protein (KIP) 




U89606 


Pyrldoxal kinase 


20 


U90426 


Nuclear RNA helicase 




U94319 


Transcription coactivatorp75 (DFS70) 




U95740 


362G6.1 




U97188 


Putative RNA binding protein KOC 


25 


X06745 


DNA polymerase alpha subunit 




X13482 


U2 snRNP-specific A protein 




X51956 


Neuron specific (gamma) enolase 




X53587 


Integrin beta-4 




X54199 


GARS-AIRS-GART 


30 


X54867 


NKG2-A 




X59871 


T cell factor 1 




X61100 


75 kOa subunit NADH dehydrogenase precursor 




X66364 


Serine/threonine protein kinase PSSALRE 




X68836 


S-adencsylmethlonlne synthetase 


X70476 


Subunit of coatomer complex 




X75535 


PxF 




X81003 


HCG V 




X84740 


DNA ligase III 


40 


X94754 


Yeast methionyl-tRNA synthetase homologue 




X98248 


Sortilin 




X99209 


Arginlne methyltransf erase 




Y08612 


Nup88 


45 


Y08682 


Carnitine palmitoyltransferase 1 type 1 


Y13115 


Serine/threonine protein kinase SAK 




Z11518 


HIstidykRNA synthetase 




Z17227 


Transmenbrane receptor protein CRF2-4 




Z46629 


S0X9 


50 


Z68747 


Imogen 38 



[0069] Two kinds of E7070-reslstant strains (C9-C1 and another resistant strain (C9-C4) obtained In the same method 
as C9-C1) were treated with 8 of E7070 for 12 hours in the same manner as described above, and variations of 
the gene expression were analyzed by using GeneChIp for the genes listed in Tables 1 and 2. As a result, no gene 
that increased or decreased 1 .8 times or more was observed in the both strains. 

[0070] From the above results, it is apparent that genes of which expression levels are changed in common by the 
treatments with these three types of anticancer agents can be used as sun-ogate markers of antitumor effect of E707D 
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and its related compounds by measuring each of their changes or changes of two or more of them In combination. 

Example 3 Gene expression analysis by quantitative PGR 

5 [0071] In order to confirm that variations In gene expression obtained In Example 2 reflected the susceptibility of a 
tumor cell to E7070, changes of gene expression in E7070-susceptible cells and E7070-resistant cells were examined 
by quantitative PGR using RNA shown In Example 1, SYBR Green and ABI Prism 7700 Sequence Detection System 
(Perlcin-Elmer Applied Biosystems). 

[0072] The operation was perfonned in two steps of a reverse transcription reaction and PGR reaction. The reverse 
10 transcription reaction as the first step was carried out by adding 1 x Taql\^an RT buffer, 5.5 mM MgGl2, 500 p.M dNTP 
mix, 2.5 nM ollgo dfO^g prin^ier, 0.4 U/|xl of RNase inhibitor and 1 .25 U/\i\ of Multiscrlbe Reverse Transcriptase (Perkin- 
Elmer Applied Biosystems) to 1 ^g of the total RNA, i<eeping the mixture at 25°G for 1 0 minutes and then heating It at 
48'*G for 30 minutes. The reaction was temninated by heating at 95°C for 5 minutes. 

[0073] The obtained cDNA was subjected to the PGR reaction as the second step. The PGR reaction was carried 
15 out in a reaction system composed of 4 ng of cDNA, 1 x SYBR PGR buffer, 3 mM MgGl2, 200 each of dATP, dCTP 
and dGTP, 400 jiMdUTP, 200 nM primer pair, 0.01 U/^l AmpErase UNG and 0,025 U/jii AmpliTaq Gold DNA Polymerase 
(Perkin-Elmer Applied Biosystems). The PGR reaction was perfonned with reactions at 50°C for 2 minutes and at 95**C 
for 10 minutes followed by a cycle of reactions at 95^*0 for 20 seconds, at 55*'G for 20 seconds and at 72*'G for 30 
seconds, which are repeated 40 times. As the primers, oligonucleotides having the nucleotide sequences of SEQ ID 
20 NOS: 1 and 2 were used for GAPDH, those of SEQ ID NOS: 3 and 4 for S80343, those of SEQ ID NOS: 5 and 6 for 
U07919, those of SEQ ID NOS: 7 and 8 for U11791. those of SEQ ID NOS: 9 and 10 for M95809. those of SEQ ID 
NOS: 1 1 and 12 for U1 8291 , those of SEQ ID NOS: 13 and 14 for U63743, and those of SEQ ID NOS: 15 and 16 for 
M61764. 

[0074] The mRNA level in each specimen was quantified by measuring fluorescence intensity. In comparison of two 
25 or more specimens, quantitative values were corrected based on the mRNA level of GAPDH in each specimen. The 
relationships between the drug treatment time and each mRNA level are shown In Figs. 2 to 6, where the quantified 
value at 0 hour after the drug treatment was used as a control (100%). The genes showed the largest expression 
variation in HGT1 1 6-C9 with the highest susceptibility (Fig. 2), and in the susceptible strain LX-1 , all the genes except 
for S80343 showed expression variations although the variation magnitudes were smaller than those In HGT116-G9 
30 (Fig. 3). On the other hand, no expression variation was observed for the resistant strain HCT116-G9-G1 (Fig. 4), and 
in the resistant strain LX-1-E2, which showed some growth inhibitory effect at the drug concentration of 8 used in 
the experiment, U11791 showed an expression change and M 95809 and U 18291 showed a slight expression change 
(Fig. 5). 

[0075] The variations in expression of the gene retrieved in Example 2 correlated to the susceptibility to E7070, and 
35 it was confirmed that the genes retrieved in Example 2 could be used solely or in combination as surrogate markers 
of antitumor effect of E7070 and Its related compounds. 

Example 4 Analysis by ELISA 

40 [0076] Among the genes listed In Table 2 in Example 2, the expression level of X51956 (Human EN02 gene for 
neuron specific (gamma) enolase), which has been reported to be secreted out of the cell, was examined by the already 
reported ELISA method (Duncan M. E., McAleese S. M., Booth N. A., Melvin W. T, and Fothergill J. E., J. of Immunol. 
IVIethods, 151, 227-236, 1992, Yamaguchi K., Aoyagi K.. Urakami K., Fukutani T, Maki N., Yamamoto S., Otsubo K., 
IVIIyake Y., and Kodama T, Jpn. J. Gancer Res., 86, 698-705, 1 995). The actual measurement was carried out by using 

45 NSE ELISA Kit produced by Eiken Ghemical (Tokyo) according to the attached reference. 

Example 5 Gene expression analysis In three kinds cancers 

[0077] Gene expression changes In three kinds of cancers of HCT1 1 6-G9 (human colon cancer cell strain), IVIDA-MB- 
50 435 (human breast cancer cell strain) and MOLT-4 (human T lymphoblastic leukemia cell strain) caused by E7070 
(treated with 8 for 12 hours) were examined by using GeneGhip in the same manner as In Example 2. 
[0078] A list of the genes of which expression was enhanced 1 .8 times or more In common in the three kinds of 
cancers Is shown In Table 3. Further, a list of the genes of which expression was inhibited 1 .8 times or more in common 
In the three kinds of cancers is shown In Table 4. Since the genes of which expression varies (enhanced or reduced) 
55 jn common in these strains of the three kinds of cancers established from cancer patients with totally different genetic 
backgrounds are very likely to be more closely associated with the E7070 antitumor action mechanism common to the 
tumor celts, it is considered that they can be used as valid markers when susceptibility of a tumor cell to E7070 and 
its related compounds is tested. 
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Table 3 


ncyisiraLion numucr 


Ucllc ilalllc 


D78614 


Ubiquitin-conjugating enzyme 


DB3767 


Rep-8 


HG1139-HT4910 


FkSOS-Binding protein 


HG3484-HT3678 


Cdc-iike kinase 1 (Clk1) 


M21154 


S-adenosylmethionine decarboxylase 


M60724 


p70 Ribosomal S6 kinase alpha-1 


S61953 


c-ErbB3 receptor tyrosine kinase 


U52960 


RNA polymerase II complex component SRB7 


U84720 


Export protein RAE1 


U92014 


Defective mariner transposon Hsmar2 



Table 4 



20 


Registration number 


Gene name 


AB000409 


SerineAhreonine protein kinase MNK1 




AB000450 


Putative serine/threonine protein kinase VRK2 




AC002045 


CIT987SK-A-589H1 




AF008445 


Phospholipid scramblase 


25 


D00723 


Hydrogen carrier protein, glycine synthase 




D14659 


KIAA0103 




D21852 


KIAA0029 




D26535 


Dihydrolipoamide succinyltransferase 


30 


D32002 


Nuclear cap binding protein 


D38521 


KIAA0077 




038553 


KIAA0074 




D43947 


KIAA0100 




D50912 


RNA-binding motif protein 1 0 


35 


D61391 


PAP39 




D63480 


KIAA0146 




D63880 


KIAA0159 




D78586 


Multifunctional protein CAD 




D79983 


KIAA0161 


40 


D79991 


KIAA0169 




D83781 


KIAA0197 




D84307 


Phosphoethanolamine cytidytyltransferase 




D87446 


KIAA0257 


45 


HG1869-HT1904 


Male enhanced antigen 




HG2379-HT3996 


Serine hydroxymethyltransferase, cytosoiic 




HG4094-HT4364 


Transcription factor Lsf-ld 




J04088 


DNA topoisomerase II (top2) 




L07758 


lEFSSP 9502 


50 


L21936 


Succinate dehydrogenase flavoprotein subunit 




L25931 


Lamin B receptor 




L38810 


Proteasome 26S subunit p45 




L41870 


Retinoblastoma susceptibility protein (RBI) 


55 


L47276 


Alpha topoisomerase truncated-form 


M 19267 


Tropomyosin 




IVI22632 


Mitochondrial aspartate aminotransferase 
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Table 4 (continued) 



Registration nunnber 


Gene name 


M29204 


DNA-binding factor 


M29550 


Calcineuhn A1 


M30496 


Ubiquitin carboxyl-tennlnal hydrolase 


M34309 


Epidermal growth factor receptor HER3 


M55905 


Mitochondrial NAD(P) + dependent malic enzyme 


M61764 


Gamma-tubulln 


M85085 


Cleavage stimulation factor 


IVI87338 


Replication factor C, 40-kDa subunit (A1) 


M91432 


Medium-chain acyl-CoA dehydrogenase (MCAD) 


M92439 


Leucine-rich protein 


IV193056 


Monocyte/neutrophil elastase Inhibitor 


M95809 


Basic transcription factor S2kD subunit (BTF2] 


M97935 


Transcription factor ISGF-3 


S72904 


APK1 antigen = MAb Kl recognized 


S78085 


PDCD2, Rp8 homolog 


U01062 


Inositol 1 ,4,5-triphosphate receptor type 3 


U07231 


G-rich sequence factor-1 


U08815 


Splicesomal protein SAP61 


U11791 


Cyclin H 


U15306 


DNA-binding protein NFX1 


U18291 


CDC16HS 


U18934 


Receptor tyrosine kinase DTK 


U20979 


Chromatin assembly factor-l p150 subunit 


U22233 


Methyithloadenosine phosphorylase 


U23028 


Eukaryotic initiation factor 2B-eps)ion 


U23946 


LUCA15 


U28831 


Immu no-reactive with antl-PTH Ab 


U28963 


Gps2 


U30828 


Splicing factor SRp55-2 (SRp55) 


U34683 


Glutathione synthetase 


U40282 


Integrin-Iinked kinase 


U49844 


FRAP-reiated protein (FRP1/ATR) 


U50939 


Amyloid precursor protein-binding protein 1 


U57629 


Retinitis pigmentosa GTPase regulator 


U61145 


Enhancer of zeste homolog 2 


U72514 


C2f 


U77413 


0-linked GlcNAc transferase 


U77949 


Cdc6-related protein (HsCDC6) 


U79241 


Clone 23759 


U80034 


Mitochondrial intemnediate peptidase precursor 


US 1554 


CaM kinase li isoform 


U89606 


Pyridoxal kinase 


U94319 


Transcription coactlvator p75 (DFS70) 


X06746 


DNA polymerase alpha subunit 


XI 3482 


U2 snRNP-specific A protein 


X51956 


Neuron specific (gamma) enolase 


X54199 


GARS-AIRS-GART 


X61100 


75 kDa subunit NADH dehydrogenase precursor 


X68836 


S-adenosylmethionine synthetase 


X70476 


Subunit of coatomer complex 
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Table 4 (continued) 



Registration number 


Gene name 


X75535 


PxF 


X99209 


Arginine methyltransferase 


Y08612 


NupBB 


Y08682 


Carnitine palmitoyltransferase 1 type 1 


Z17227 


Transmembrane receptor protein CRF2-4 



Industrial Applicability 

[0079] According to the present Invention, by measuring an expression level or levels of a gene or genes listed In 
Tables 3 and 4 in a tumor cell collected from a cancer patient treated with an anticancer agent represented by the 
general fomnula (I) or causing the anticancer agent represented by the general fomnu la (I) to acton a tumor cell collected 
from a cancer patient and measuring an expression level or levels of a gene or genes listed in Tables 3 and 4, sus- 
ceptibility of the tumor cell to the anticancer agent can be examined. 
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Sequence Listing 

<H0> Eisai Co., Ltd. 

<120> Method for testing susceptibility of tuoor cell to anticancer age 
nt 

<130> 0124tf00P1251 

<150> JP 2000-357398 

<151> 2000-11-24 

<160> 16 

<210> 1 

<2U> 19 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> prioer 

<400> 1 

gaaggtgaag gtcggagtc 19 

<210> 2 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 2 

gaagatggtg atgggatttc 20 

<210> 3 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
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5 



<400> 3 

gcattttacg gttccctgag at 



22 



<210> 4 

<211> 22 

<212> ONA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 4 

gatacgccac atgttcacct to 22 



<210> 5 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 5 

cagaatcaat agcccagaga gctt 24 

<210> 6 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> priier 



20 



45 



<400> 6 

gttgtggcgt tagaagattg gate 



24 



so 



<210> 7 
<211> 24 
<212> DNA 



<213> Artificial Sequence 



<220> 



55 
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<223> primer 



5 



• <400> 7 
gtcattctgc tgagcttgca ctta 



<210> 8 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 8 

gagagattct accaggtcgt catca 25 

<210> 9 

<211> 23 • 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 



30 



<400> 9 

ccaagttacg aagctctgtc cat 



35 



<210> 
<211> 
<212> 
<213> 



10 
23 
DNA 



40 



Artificial Sequence 



<220> 
<223> 



primer 



45 



<400> 10 

tgtaggctgt ctggagcatc tct 



50 



<210> 11 
<211> 22 
<212> DNA 



<213> Artificial Sequence 



55 



21 



<220> 

<223> primer 
<400> 11 

tgttgattcc tcagaacgca tc 

<210> 12 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> priner 

<400> 12 

tgtatcatct cgcctaagac caag 

<210> 13 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 13 

atctcaccag gcataagctc ct 

<210> 14 

<2I1> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 14 

acagttcctc ctcttccttg gat 

<210> 15 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> primer 

<400> 15 

ctcaagaggc tgacgcagaa t 

<210> 16 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

20 

<400> 16 

ctggctgaca tgatggtaga cac 

25 



30 



35 



40 



45 



50 



55 



10 
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Claims 

1 . A method for testing susceptibility of a tumor cell to an anticancer agent, which comprises: 

1 ) measuring an expression level or levels of a gene or genes selected from the group consisting of the genes 
listed In Tables 3 and 4 in a tumor cell collected from a cancer patient treated with an anticancer agent repre- 
sented by the following general fonnula (I) : 




wherein A represents a monocyclic or bicyclic aromatic ring, which may be substituted, 

B represents a 6-membered unsaturated hydrocarbon ring or a 6-membered unsaturated heterocyclic ring 

containing one nitrogen atom as a heteroatom, each of which may be substituted, 

C represents a 5-membered heterocyclic ring containing one or two nitrogen atoms, which may be substituted, 

W represents a single bond or -CH=CH-, 

X represents -N(R"')- or an oxygen atom, 

Y represents a carbon or nitrogen atom, 

2 represents -N(R2)- or a nitrogen atom, and 

Ri and may be Identical or different and each represent a hydrogen atom or a lower alkyi group, and 
2) determining that the tumor cell is susceptible to the anticancer agent when the expression level or levels 
of the gene or genes listed in Table 3 increase, or the expression level or levels of the gene or genes listed in 
Table 4 decrease in comparison with those in a tumor cell collected from the cancer patient before the treatment 
with the anticancer agent. 

2. A method for testing susceptibility of a tumor celt to an anticancer agent, which comprises: 

1 ) causing an anticancer agent to act on a tumor cell collected from a cancer patient, said anticancer agent 
being represented by the following general fomiula (1): 




wherein A represents a monocyclic or bicyclic aromatic ring, which may be substituted, 

B represents a 6-membered unsaturated hydrocarbon ring or a 6-membered unsaturated heterocyclic ring 

containing one nitrogen atom as a heteroatom, each of which may be substituted, 

C represents a 5-membered heterocyclic ring containing one or two nitrogen atoms, which may be substituted, 

W represents a single bond or -CH=CH-, 

X represents -N(R"')- or an oxygen atom, 

Y represents a carbon or nitrogen atom, 

Z represents -NtR^)- or a nitrogen atom, and 

Ri and R^ may be Identical or different and each represent a hydrogen atom or a lower alkyI group, 
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2) measuring an expression ievel or levels of a gene or genes selected from the group consisting of the genes 
listed in Tables 3 and 4 in the tumor cell, and 

3) detemilning that the tumor cell is susceptible to the anticancer agent when the expression level or levels 
of the gene or genes listed In Table 3 Increase, or the expression level or levels of the gene or genes listed In 

5 Table 4 decrease In comparison with those In an untreated tumor cell. 

3. The method according to claim 1 or 2, wherein the expression level or levels of gene or genes are measured by 
quantifying an RNA or RNAs which are a transcription product or products of the gene or genes by using a DNA 
microarray. 

10 

4. The method according to claim 1 or 2, wherein the expression level or levels of the gene or genes are measured 
by quantifying an RNA or RNAs which are a transcription product or products of the gene or genes by quantitative 
PGR. 

IS 5. A reagent for quantifying an RNA for use in the method as defined in claim 4, which comprises an oligonucleotide 
complementary to the RNA as a component. 

6. The method according to claim 1 or 2, wherein the expression level or levels of the gene or genes are measured 
by quantifying a protein or proteins which are a gene product or products of the gene or genes by an immuno- 

20 chemical method, 

7. The method according to claim 6, wherein the expression level or levels of the gene or genes are measured by 
quantifying a protein or proteins which are a gene product or products of the gene or genes by ELISA. 

25 8. The method according to claim 6, wherein the expression level or levels of the gene or genes are measured by 
quantifying a protein or proteins which are a gene product or products of the gene or genes by Western blotting. 

9. An Immunoassay reagent used in the method as defined in claim 6, which comprises an antibody directed to the 
protein as a component. 

30 

10. The method according to claim 1 or 2, wherein A represents benzene or pyridine which may be substituted, B 
represents benzene which may be substituted, C represents pyrrole which may be substituted, W represents a 
single bond, and X and Z both represent -NH-. 

35 
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